Human Neurobeachin-like 1(NBEAL1) gene was an important member of BEACH-WD40 domain family, which was confirmed to be overexpressed in I stage glioma. In this study, we extracted total RNAs from U251 cell line, acquired its cDNA sequence by RT-PCR, and cloned part of NBEAL1 cDNA fragments into the vector pGEX-KG. The recombinant expression vector achieved high expression in E.coli BL21 as a GST fusion protein. NBEAL1 recombinant protein was purified by affinity chromatography. Monoclonal antibody was prepared against the recombinant NBEAL1 protein. Its bioactivity was identified by Western Blotting analysis. Anti-NBEAL1 antibody was conjugated with CdTe quantum dots. Resultant anti-NBEAL1 antibody-conjugated nanoprobes were injected into mice via tail vessel. After 12h, it is clearly observed that prepared nanoprobes located in brain tissues of mice model with glioma by IVIS Imaging system. In conclusion, NBEAL1 protein was successfully expressed and its monoclonal antibody was successfully prepared. Anti-NBEAL1 antibody-conjugated quantum dots may be used to image glioma. These prepared nanoprobes have great potential in early detection of glioma.
Introduction
Gliomas, the most common tumors of the Central Nervous System (CNS), account for 45-50% of all primary brain tumors and almost 80% of primary malignant brain tumors, and are considered to be originated from glial cells [1, 2] . According to features of histological aberrations of gliomas, they are graded into grade I, II, III and IV in the World Health Organization (WHO) classification of tumors of the nervous system in 2002 and 2007 [3] [4] [5] [6] . Among gliomas, those without atypical cells, mitoses, endothelial proliferation and necrosis, such as pilocytic astrocytoma(PA), dysembryoplastic neuroepithelial tumor(DNET) and ganglioglioma etc, are classified as WHO grade I. Those possessing only one feature mentioned above are classified as WHO grade II. WHO grade III and IV gliomas are those with two or more mentioned above features and considered to be malignant [6] [7] [8] . In general, radiological imaging and histopathology are the most common tools for the diagnosis of gliomas, and the latter is the OPEN ACCESS Article current golden standard for diagnosis and classification of gliomas. However, subjective criteria, tissue sampling error and lack of specific tumor markers remain to be the unsolved challengeable problems for detection of early gliomas [9] [10] [11] .
Human neurobeachin-like 1(NBEAL1) is a novel gene which was firstly isolated from fetal brain in our cooperative laboratory [12] . Its cDNA is 3858 bp containing an Open Reading Frame (ORF) of 3006 bp encoding a putative 1001 amino-acid protein. This gene is located on human chromosome 2q33-2q34 and encompasses 25 exons. Based on the results of reverse transcription-polymerase chain reaction (RT-PCR), it could be detected in human tissues including brain, kidney, prostate, testis, small intestine, colon and peripheral blood leukocyte, and almost undetectable in heart, placenta, lung, liver, skeletal muscle, pancreas, spleen, thymus and ovary [12] . More important, RT-PCR and Northern Blotting analysis confirmed that this novel gene exhibited higher expression in the biopsies of grade I of glioma, and lower expression in other grades of gliomas, which highly suggests that NBEAL1 gene may be one biomarker closely associated with the grade I of gliomas. However, up to date, no report is closely associated with the function of protein of NBEAL1 in progression of gliomas.
Quantum dots have been subject to intensive investigations due to their unique properties and potential application prospect [13] [14] [15] . So far, several methods have been developed to synthesize water-soluble QDs for use in biological relevant studies [16] [17] . For example, QDs have been used successfully in cellular imaging [18] [19] , immunoassays [20] , DNA hybridization [21] and optical barcoding [22] . Quantum dots provide a new functional platform for bioanalytical sciences and biomedical engineering. In this study, we constructed the expression vector of NBEAL1 gene, isolated and purified GST-tagged NBEAL1 protein, prepared anti-NBEAL1 monoclonal antibody, and then conjugated with CdTe quantum dots. Resultant nanoprobes were used for targeted imaging of mouse glioma. Our primary results lay foundation for further clinical application.
Materials and Methods

Cloning of Nbeal-1 gene and its expression vector construction
Total RNAs was isolated from glioma U251 Cell lines (purchased from Institute of Biochemistry and Cell Biology, Shanghai Institute for Biological Sciences, CAS) according to the manufacturer's protocol (ROCHE, Mannheim Germany). The concentration and the purity of the isolated total RNAs were determined by Uv-vis spectrophotometer. The integrity of the RNAs was confirmed by gel electrophoresis. The cDNAs was then synthesized from 2 μg of total RNAs using Oligo (dT)18-20 as primers according to the manufacturer's protocol (ROCHE, Mannheim Germany).
The NBEAL1 gene fragment of 328 bp in length was specifically amplified by using cDNAs of NBEAL1 as template. The forward and reverse primers flanking the NBEAL1 were as follows:
NB348F: 5'-CCGGAATTCTAGACTTTGTCGACTC-3' and NB348R: 5'-CCGCTCGAGTAAGACGTTAACGCG-3'. EcoRⅠand XhoⅠrestriction sites were introduced at the 5'end of NB348F and NB348R primers respectively to facilitate cloning into pGEX-KG vector (a generous gift from Dr KunLiang Guan, Purdue University, USA), and the Nbeal1 gene fragment was amplified by using PCR kit from TaKaRa Company (Takara, Dalian, China). The 50 μL reaction mixture contained 5.0 μL 10×Ex Taq Buffer (Mg 2+ Plus), 10 pM each of forward and reverse primers, 100 ng of Nbeal1 cDNAs as template and 2.5 U/μL of EX TaqTM Enzyme.
The PCR amplification involved initial denaturation at 94 °C for 5 min, followed by 35 cycles each consisting of a 30 sec denaturation at 94 °C, a 30 sec annealing at 50 °C, and a 1 min extension at 72 °C. To facilitate TA cloning, the final extension at 72 °C was allowed for 7 min. The amplified PCR product was analyzed by 1% agarose gel electrophoresis. The PCR yields were purified by using TaKaRa DNA Fragment Purification Kit Ver.2.0 (Takara, Dalian, China) before ligated into the TA vector pMDTM 18-T Vector (TaKaRa, Dalian, China), and transformed into DH5α E. coli cells. The cells were plated onto agar plates containing 100 μg/mL ampicillin. Positive recombinant clones of Nbeal1 were selected by colony PCR. Plasmids were isolated and digested with EcoRⅠand Xho Ⅰ restriction enzymes. The digested fragments were run on 1.0% agarose gel, and the Nbeal1 gene fragment of 348 bp in length was sliced from gel and eluted by gel extraction columns. The collected DNA fragments were ligated between the EcoRⅠ and XhoⅠ sites of pGEX-KG expression vector. The recombinant pGEX-KG -Nbeal1 clones were selected by colony PCR, and confirmed by restriction enzyme digestion.
Expression and purification of NBEAL-1 protein
The recombinant pGEX-KG-NBEAL1 plasmids were sequenced before transforming into E.coli BL21 DE3 cells. The E.coli BL21 DE3 cells containing the pGEX-KG-NBEAL1 plasmid were grown in 2×YT medium containing ampicillin (100 μg/L). Typically, 1 mL of overnight cultured bacteria was added to a 100 mL medium, and grown up to OD600 = 0.5 at 37°C. The target protein expression was then induced by adding IPTG to a final concentration of 0.6 mM, and the growth was continued for 4 h. Save 1 mL aliquot every hour for SDS-PAGE analysis. The rest was harvested after 4 h by centrifugation at 7700 g for 10 min at 4°C. GSTrap 4B HiTrap affinity columns (GE Healthcare, Uppsala, Sweden) were used for purification. Harvested cells was immediately suspended with 5 mL cold binding buffer (140 mM NaCl, 2.7 mM KCl, 10mM Na 2 HPO 4 , 1.7 mM KH 2 PO 4 ,pH 7.4). Suspended cells were then disrupted with a sonicator on ice in short bursts until it became clear and frothing needed to be avoided in this process. This sample should be centrifuged and/or filtered through a 0.45 μm filter before it is applied to the equilibrated column. A syringe is used to pump the sample into the column and the flow rate should be controlled between 0.2 to 1 mL/min during sample application. After washing with 5 mL of binding buffer, the samples were eluted with 5 mL of elution buffer (50 mM Tris-HCl, 10-20 mM reduced glutathione, 5 mM DTT, pH 8.0). SDS-PAGE analysis was used to confirm the expression analysis of Nbeal1 protein.
Preparation of monoclonal Antibodies
Monoclonal antibodies were prepared against a purified fusion protein GST-NBEAL1. BALB/c female mice, 4-6 weeks old, were purchased from the Animal Center of Shanghai Jiaotong University. The mice were immunized by intraperitoneal injection with 50 μg of purified GST-NBEAL1 which was emulsified with an equal volume of Freund's complete adjuvant. Three further injections were administered using incomplete adjuvant every 2 weeks. Three days after the last injection, the spleen cells of the mice were harvested and fused with the Sp 2/0 mouse myeloma cell line. After 10-14 days, the culture supernatants were screened with an ELISA test in which the solid phase was coated with the recombinant GST-NBEAL1 protein (2 μg/mL) used for the immunization and GST protein expressed by pGEX-KG vector (2 μg/mL). In the screening process, the monolcone antibodies to bind with coated GST-NBEAL1 but not to bind with coated GST protein were selected. By twice limiting dilution, positive colonies were subcloned. Ascitic fluids were harvested from the mice primed with a 0.5 mL intraperitoneal injection of Pristane and then injected with 10 6 hybridoma cells. The class and subclass of each mAb were determined using a mouse monoclonal antibody isotyping kit (HyCult Biotechnology B.V., Netherlands). The mAbs were purified from the mouse ascetic fluids using a protein G-Sepharose 4FF (Pharmacia, Uppsala, Sweden) column according to the manufacturer's instructions to remove components which might interfere with the biopanning experiments. The antibody titers were determined by ELISA methods as table 1.
Western Blotting Analysis
Isolation of proteins was performed by 12 % SDS (sodium dodecyl sulfate)-polyacrylamide gel electrophoresis. After separation, proteins were either stained with Coomassie Brilliant Blue (CBB) reagent or electrotransferred onto PVDF (Polyvinylidene Difluoride)membrane (Immobilon-P, Millipore, Eschborn). Electrotransfer was performed at room temperature for 1 h with 0.8 mA/cm 2 membrane. The membranes were incubated in a blocking solution(50 mM Tris, 150 mM NaCl, 0.05% Tween20 (v/v), agitating at 37℃ for 1 h. The membranes were then incubated with rabbit polyclonal antibodies against GST(Proteintech Group Inc, Chicago, USA) diluted 1:1000, or mouse monoclonal antibody against NBEAL1 diluted 1:2000, in 1% (v/v) blocking solution, followed by incubation with peroxidase-conjugated secondary antibodies (Proteintech Group Inc, Chicago, USA) for polyclonal and monoclonal antibodies were anti-rabbit IgG (diluted 1:10000) or anti-mouse IgG (diluted 1:7500), respectively. Visualization was performed with Lumi-Light Western Blotting Substrate (ROCHE Mannheim Germany) followed by an exposure on X-ray film for 1 h [23].
Preparation of nanoprobes
CdTe quantum dots were prepared according to our previous papers [19] [20] [21] and were conjugated with anti-NBEAL1 monoclonal antibody according to our previous reports [19] [20] [21] . Then the resultant nanoprobes were purified by HPLC and kept at 4 °C for usage.
Preparation of nude mice model with glioma and Imaging
Animal experiments were performed according to Guidelines for Animal Care and Use Committee, Shanghai Jiao Tong University. glioma U251 Cells (5 ×10 6 ) were injected into brain tissues of nude mice of age 6-8 weeks. These mice were continued to raise for one week. Then 200 μg of prepared nanoprobes was injected into mice via tail vein, continued to breed for 6 h, before those mice were imaged by using IVIS Imaging System.
Results
Cloning and identification of Nbeal-1 gene fragments
The recombinant pGEX-KG-NBEAL1 vector was confirmed by PCR and restriction enzyme digestion for 1 hour. The PCR products and double enzyme digestion yields were analyzed by 1% agarose gel electrophoresis; the result is shown in Figure1 and Figure 2 , a DNA fragment of 348 bp in length was observed, which corresponded to the size of the aimed fragment. The recombinant pGEX-KG-NBEAL1 vector was also sequenced and confirmed that the inserted gene fragment was right. Our results showed that Nbeal-1 gene fragment was successfully cloned into pGEX-KG expression vector. 
Expression and purification of pGEX-KG-NBEAL1 vector
Expression of GST-tagged NBEAL1 gene was confirmed by SDS-PAGE and Western blotting analysis. As shown in Figure3A, a major protein band of about 39 kDa only appeared in the induced cells, and the amounts of expressed protein increased as the induced time increased, lane 7 showed the purified proteins. As shown in Figure3B, these expressed proteins could react with both the anti-GST (polyclonal) and the anti-NBEAL1 (monoclonal) antibodies, highly suggesting that this protein band included the human recombinant NBEAL1 protein, and owned bioactivity. 
Preparation of monoclonal antibodies against GST-tagged NBEAL1 protein
As shown in Figure 4 , the purified monoclonal antibodies were successfully prepared.
We obtained two monoclonal antibody cell lines. Their bioactivities were identified by ELISA.
Imaging mice with glioma by IVIS Imaging System
As shown in Figure5A, prepared CdTe quantum dots were 3 nm or so in diameter. Figure5B showed the PL intensity of CdTe quantum dots (A), CdTe quantum dots conjugated with Anti-NBEAL-1 antibody (B). The PL peak of prepared nanoprobes exhibit blue shift compared with CdTe quantum dots. As shown in Figure5C, after prepared nanoprobes were injected into mice for 24 h, nanoprobes can be clearly observed to locate in the brain of mouse, which showed that as-prepared nanoprobes own brain targeted ability.
Discussion
Glioma is one kind of common brain tumor. Looking for its novel biomarkers helps us to clarify its mechanism in favor of its diagnosis, treatment, and prevention. So far, although some useful biomarkers associated with glioma have been recognized, how to realize its early diagnosis and distinguish their malignant degree is still a great challengeable problem for glioma therapy. Our previous work showed that the transcripts of NBEAL1 were highly expressed in the low-grade of human glioma, for example, grade I , but lower or not expressed in the high-grade gliomas( grade II, III and IV) [12] . In this study, we expressed NBEAL1 proteins and prepared successfully its monoclonal antibody. Then we fully used the advantages of quantum dots [21] , conjugated the prepared monoclonal antibody with CdTe quantum dots (QDs). The resultant nanoprobes exhibited fluorescent signals, which successfully realized imaging the glioma in the mouse model, which highly suggest that NBEAL1 protein may be a potential biomarker for glioma, its antibody has potential application in imaging diagnosis of glioma.
So far, NBEAL1 was found to possess the closest similarity with NBEA within the Beige and Chediak-Higashi (BEACH) domain. It also contained a BEACH domain from amino acide residues 311 to 561 and three WD40 repeats from amino acid residues 737 to 962 [12] . BEACH domain plays important role in vesicle trafficking, membrane dynamics and receptor signaling [24] . It also shares the homologous sequences with other BEACH family members, such as NBEA (57.7% identity), human FAN (49.6% identity), human LYST (48.8% identity). The high conservation of the BEACH domain of NBEAL1 may suggest that it might have the similar properties as NBEA or the other homologous protein.
The latter is crucial for their functions in vesicle trafficking, membrane dynamics and receptor signaling [25] . NBEAL1 has the closest relationship with Neurobeachin (NBEA), which is implicated in the neuromuscular synaptict ransmission [16] , protein kinase A binding [27] , and which was recently reported as a novel potential plasma cell dyscrasia tumor suppressor gene [28] . NBEAL1 also has a vacuolar targeting motif ILPK which implies its location in lysosomes. So far our results also support this hypothesis. ur study firstly obtained the biologically active peptides of NBEAL1. Unfortunately, though different vectors induce temperatures or IPTG concentration was tried, we failed to express the full length of NBEAL1. It might because of the relatively high content of rare codons in NBEAL1. Through predictive analysis of antigenic index (http://immunax.dfci.harvard.edu/Tools/antigenic.pl), we finally shorten the fragment to 348 bp, which contains 6 antigen epitopes, and cloned it into pGEX-KG. The biologically activity was proved by Western-Blotting Analysis.
Looking for new glioma biomarkers are of great importance for early glioma diagnosis and therapy because they could be used as tools for diagnosis and prognosis, molecular targets for monitoring tumor initiation and progression as well as therapeutics [29] . For low grade gliomas (grade I and II), there existed several potential biomarkers up to date. For example, Loss of heterozygosity (LOH) on chromosomes 1p and 19q was reported to be of both diagnostic and prognostic values [4] . Development of low grade astrocytoma is thought to involve TP53 mutation, over-expression of PDGF (platelet-derived growth factor), FGF (fibroblast growth factor) and their receptors and 22q loss [30] . Moreover, Ki-67/MIB-1, which is reactive against Ki-67 nuclear antigen, is reported to have 1-2% of labeling index in diffuse grade II astrocytoma and 15-20% of labeling index in WHO grade IV astrocytoma [31] . To investigate the characteristic expression of NBEAL1 and verify our previous Reverse Transcript-PCR results, we prepared monoclonal antibodies against NBEAL1 and applied them to target and image the glioma. The results are quite promising. Anti-NBEAL1 antibodyconjugated QDs nanoprobes can get through the blood-brain barrier, and enter into brain tissues of mouse loaded with glioma, which highly suggest that the prepared nanoprobes own specificity.
In summary, we successfully prepared NBEAL1 proteins, prepared its monoclonal antibodies. The monoclonal antibody-conjugated CdTe quantum dots can get through blood brain barrier and enter into brain tissues in mice loaded with glioma, which highly suggest that prepared nanoprobes have great potential in application such as early diagnosis of glioma. However, so far we still do not clarify the function of NBEAL1 protein; the as-prepared nanoprobes are still not evaluated according to biosafety standard. All of the works mentioned above will be done in near future. Our primary results lay foundation for further investigating the function of NBEAL1 protein.
